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@ Intranasatiy applioable powdery phamiaceuticai composition. 



@ An intranaaaUy appRcabfe poMdeiy pharmacautical com- 
positton comprfslng a polypeptkiB having a phy!tiok>oteal activ- 
fty, a quaternary ammonium compound, and a kiwer alkyi 
ether of cellulose. TMs powdery pharmaceutical co mp ositi on 
has an excellent prssenrabjUty and chenvcal stability of the 
polypeptide and, when the powdery composition is admin- 
'tsterad to the nasat cavity In the fonn of a spray, the 
polypeptides are effectively absorbed through the nasal mu- 
cosa. 
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INTRANASALLY APPUCABLE POWDSIY PHARMACEUHCAU CX)MPOSmON 



BACKGROUND OF THE INVEI^ON 



1. Raid Of tfie Invention 

The present Invention reteles to a novel intrenasaBy 
eppQcatile powdery phBrniaceub'cal composition coiDpriSflng 
a pofypepGde havfng a physiologica) adMty, a quatemaiy 
ammanhJin compound, and a lower sSkyi ether of cellulose. 
More specRically, it relates to an intranasally applicable 
powdery pharmaceutical composHion comprising a phys- 
iologically active polypeptide such as cafdtonin and fnsu&n. 
a quaternary anunonfum compotmd such as t^enzajkonium 
chtoride, and a tower atkyt ether of celiutose. This powdery 
composition has an exceil^ chemical stability and preser- 
v^lity of the polypeptides and, when this powdery com« 
position is administered to the nasal cavfty in the liorm of a 
spray, the polypeptides are effecGvefy absorbed through the 
or nasal mucosa. 

X>^crfpfian of ihe Related Art 

Since peptide hormones such as Insulin and calcitonin 
. have a large molecular we^ and are easily decomposed 
by pratesnases such as pepsin, trypsin, and chymotypsin. 
they are not easily absorbed by oral administraliQn and, 
therefore, the intended pharmacokigtca} effects cannot be 
eftiscfn/eiy' exhlbAscL Accortfir^fy, such peptide hormones 
aiB genoally admlni&tBrBd by thjection. However, sfnoe the 
n^ectaUe adminlstrHlian Is genoalV painful, variiaus other 
edminlslration methods have been proposed. 

For example, J. Pharm. RiannaooL, 334 (1981) 
dtsdosss rectal absorption of insulin and heparin in a sup- 
positnry in which saficyfic add derfvatives such as sodum 
salicylate, sodium 3-methoxysaGcy(ate, artd S-methCK- 
ys^Icylete are used as m absorptton aid. Furlhermoie, 
offier metfuxfe such as tfiiiatractteaJ adnuiustrafion me^ods 
(see Oiabetes gQ^ SS2. 1971) and eye InsiiMon methods - 
(see Tonyot^yo Oakks Shoshu, Japan, 23L 1974) are 
being studiBd. HoweveTa ^ce these rnetfiodis are disad* 
vantageous In ifiat h^ dosage annunts era cequiM whan 
compared with, the ir^ectiont end thtt tfte stnorpSon 
amounts are likely to vary, these methods are not practically 
acceptat>leL 

On me other hand, as (fisdosed cn, for example, Diabe- 
tes. gZ> 298, 1078, as wen as Japanese Unexamined 
Petent PubScafion {Kokal} l4os. 59-89619 end 99-130820. 
intranasally eppScable liquid phannaceuticsl pr^saraSons of 
InsuSn or caldlon&i containing, as an absorp^Eon aid^ certain 
sur&ctant^ are proposed for adminlstrafibn to the ndssi 
cavity* FurllKirnioie« Japanese Unexamined Patant'PcdMtea- 
tion (Kokai) Na SB-t89it8 discloses miranasaly wEcaUe 
iqtiU lAsrmaceufcal preparations of insulin fci which 
cycicxiextrfh ts used. 

However, for the intranasally eppiiceble liquid phar- 
maceut'cal preparation of, for exampler Insulin or calcitonm, 
ft fs necessary to ensure tliM contaminafon of the iquld 
preparations caused by the invasion o^ for exantple, ml- 
croorganisms, is prevented. It is pn^posed in Japanese 
Unexamined Patent Publica!£ah (Kokai) No. 59*89819 that 
benzalkonlum chloride be mdusied in the intranasally ap^ 
pCcable Bquid phaonacoitical preparations to prevent such 
contamlnatton, arid lo enhance the preservdblBly of mecf* 
cihes such as caititonirL 



IntranasaOy applicable powdery pharmaceutical prep- 
arations oontainrng caldlonin, insulin, or the like, and lower 
alkyi ethers of cellulose are also knowa as diseased in 
Japanese Unexamined Patent Publication (KokaD Na 59- 
5 163313. However, rt Is stai necessary to improve the 
peserv^bHrty of the medtoines such as calcitonin and insulbi 
and ateo to enhme the chemical stability of the medicthes 
such as calcilonTn and insulin even in these powdery prep- 
afalions> 

10 

SUMMARY OF THE INVENTION 

AcconJingly, the object of the present Invention Is to 
improve or increase the preservabifrty and the chemical 
75 Stability of medicnies, such as calcitonin and insulin, of 
intranasally applicable powdery pharmaceutfeal composi- 
tkms comprising medicnnes such as cdcHonki and frisuQn 
«id lower alkyi ethers of oelkilose. 

Other ot^ects and advantages of the present invention 
20 w9l be apparent from the foObwingdescnptbn. 

Acc^ing v> the present invention, there Is provided an 
entranasaliy appficable powdery pharmaceutk^l composiSon 
comprising a polyp^tkfe having a physicologk^al activity, a 
quatemary ammonium compound, and a lowar aDcyl ether of 
25 ceSuIose. 

In accordance with the prefionnBd emtiodiment of the 
present invention, the above-mentioned EntranasaBy appSca- 
t)te powdery ptiarniaceoticBf composHkm Is prepaied 
n^r^ (D & lyophfized mixture of the po^fp^iUde hSMng a 
30 physiofag ft a l activay, a portion cr total amount of the qua- 
temery enunorAvn oompoundi end a portion of the lower 
alkyi ether of ceOuiose, the imainder of the tower sftyl 
ether of c^Krtose, and, optionally (9) the remainder of the 
quat&Tffiry ammoniunL 

35 

DES(5RIPT10N OF THE PREFERRED EMBODIMBt^ 

AoconSng to the present invention, the <iesired pow- 
doy pharmaceuitoal cornposiQon, Lei, a oompodtion fiaving 

40 an axirBmely axceltent preservabffi^ and cfienncal sfiBbSi^ 
of polypeptides aaeh as calOttDnin and insufin can be ob- 
tained tsy rncorpoTBtir^ the abov^cnentioned quatwnary 
annmonium compound, together wRh the tower alkyi ether of 
ceflutose into lt)e powdery composiOOn contalnang the phys- 

4S tologiceily active pofypepdide (e^ calcitomn or InsuSn). In 
edition, when a mixtune of the physiotogicafly acfive poly- 
pepSde (e.g.. cateitontn or insulin), a portion of the tower 
aflcyl est^ of ceQukise, and a portion or total amoum of the 
quartemany ammonium compound is used In the form of a 

50 lyophSized product for tfie pr^jaration. the desoed powdery 
pharmaceuticel com p osfttan havfng the pofypeptkfe and the 
qyartonary ammoniunt compound uniGonnly (S^iereed 
Hiereffi and having an exoeOant preservaldBy and chernical 
stablB^ can be obtained. 

55 71ie pdypepfides usable In the present frivention are 
those hav&ig physiologtoel ectivaies. The preferable poly- 
peptklBS usable ei the present inventton are those hav&ig a 
molecular w^ght of 300 to 300,000, es^edaO/ 1,000 to 
150,000, beceuse such polypeptides are easily absorbed 

60 through the nasal mucosa. 

Typical examples of the polypeptides having physiologi- 
cel activiOes are peptide honnones such as Insi^ an- 
gtotertsin, vast^ses^, desmopressin, felypressin, protireirn, 
hjtsini^g hormoneHBlQassng hormone, corticottoi^ protac- 

65 tin^ somatotropin, fliyiotropbi, totsoitsBQ honnones catofbnin, 
kaDikiein, parathyrm, gfucagt^ oxylodn, gastifn, secielln. 
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Qonadotfoplc hormone, growth hormone, erythropoietin, an- 
gioien^ uregastrone, rer^, lypomodutin, calmoddin, hu- 
man atrfar natriuretic polypeptide (Le., KANP), and the 
chemically modified compounds thereof or the compoiTems 
themol; physiologically active proteins such as Interferons, 5 
Interleuldns, transferrin, histagfcdiulin, macrocortin, and blood 
coagulaflon factor VIII; zymoproteins suc^ as lysozyme and 
urokinase; and vacdnes such as pertussis vdccine, d^>hlha- 
rta vaccine, tetanus vaccine, influenza virus vaccine, lym- 
phocytosis promoting factor, and ftlamentQus heniiagglutinin. W 
Of those polypeptides, peptide hormones are suitable for 
use in the present inventioa PreferaWe examples of the 
polypeptides are calcitonir>, msulin. luteinizing honrKine-re- 
leasing hormones, desmopressin, vasopressin, and cocytocin, 
espedaBy preferably calcitonin and insu&a is 

The amount of the polypeptides in the intranasafiy 
applicable powdery phamiaceutical compodtions acoordirtg 
to the present invention may be widely varied depending 
upon the kinds of polypeptides to be used For example, 
caicitonln is gene/ally incorporated into the powdery com- 20 
position In an amount of 0^ to 16 MRC uniting, and insulin 
Is generally incorporated into the powdery composition in an 
amoum of 0.016 to 6.4 unit/mg. 

The quaternary ammonium compounds usable in the 
present Invention can be of either any known quatema/y 25 
ammonium compounds or newty synthesized compounds. 
Typical examples of the quaternary ammonium compounds 
are benzalkonium chlonde. benzethonium chksride. oetyt 
trimethyl ammonium bnomtde, dodei^ dimethyl ammonium 
bromide, and methylrosaniline chloride. Of these qua^mary 30 
ammonium compounds, benzalkonium chloride, and ben- 
zethoniuin chtorida are espedaity pnsferably used. These 
quaternary ammonium compounds may be used atone or in 
any mixture thereof. 

Although there is no critical amount of the quaternary 35 
ammonium compounds to be induded in the present pow- 
dery composition, the quaternary amntonlum compounds 
are generally included in the presem composition in an 
amount of about 0^1% to 12% by weight, pi9fM}ly 
Q.Q25% to 1% by weight, more preferably 0.09% to 0.9% 40 
by widght, based on the total we^t of the compo^a 

The tower alkyf ethers of oeOuJose uffible In the 
present invention may be those obtained by at least partiatty 
substituting the same or cfifferent lower alkyi ether groups 
tor a plurality of hy^oxyl groups of celiulosa The bwer 45 
alkyI gtoufjs In the lower alkyl ether groups may be partially 
substituted v^th substttuenta Examples of sudt preferable 
sutaslituents are hydroxyl groups and cartxixyt gn»jps. 

The term *lower alkyP used herein meane an alkyf 
giDup having 5 or less carbon atoms, preferably 3 or less SO 
cBrlx)n atoms. Examples of the optkviafly eut)8tilutBd lower 
alkyl groups are methyl, ethyl, n-propyl. iso-propyl, 0- 
hydroxyethyl, and jS-hydfoxypropyi. 

Typical examples of the tower alkyl ethers ol ceflutose 
usable in the present Invention are methyl oettulose, ethyl 55 
ceOulose, propyl, ceSulose, hydroxyethyf ceOufose, hydrxR- 
ypropyi c^hAiss, caft}oxymethyl ceUuk^, carfaoxyetfiyl cel- 
lulose, carboxymethyl hydrox^thyi ceilutose, and hydrox- 
ypropyfmethyl ceOutose. Of these lower aOcyl ethers of cel- 
lutose, the use of hydroxypropyl cellulose, methyl cellulose, so 
hydroxyethyl cdiutose, or hydroxypropylmethyl ceXuiose Is 
preferable In the present invention. The use of hydrox' 
yprapiyf cellulose is most prsferablB fn the present Inven- 
thvL These tower alkyl ethers of cellulose may t» used 
alone or In any mixture thereof ta the present invention. bb 
Tliere Is no HmBatton in the molecular weight and the ether 
substltutton degree of the above-mentioned tower aOcyf 
ethers ol cellulose. For exampto, any commercially evitf labto 



lower alkyl ethers of cellutose can be used in the presem 
Inventtaa However, the tower alkyl ethers of cellulQse hav- 
ing a viscosity, in a 2 wMb aqueous solution thereof, of 3 
to 100,000 C0, more preferabfy 3 to 10,000 gp« espedaOy 
prefisrably, 5 to 6000 cp, are preferably used in the presem 
mventton. 

The intranasally applicable powdery compositions ac- 
cording to the present invention can be prepared in any 
conventiona) manner. For example, the present powdery 
compositton can be prepared by mechanteally mixing the 
above-menttoned three essential constituents. i.e.. the poiy- 
pep&fes having a phyaotogicdi ectivity, the quaternary am- 
monium compounds, and the tower alkyl ethers of cellutose, 
and optional ingredients, if any. That is, the present pow- 
dery coiriposition may be pre^red by adding the polypep- 
tides and the quat^my ammonium compounds to the 
towa- alkyl ethers of cellutose, foltowed by modng. However, 
preferably, a mixture of the polypeptides, a portion of the 
tower alkyl ethers of cellulose, and a portion of or a total 
amoum of the quaternary anOTionium compounds are M 
iyophillzed and the resiitam lyophifized rrnxture Is then 
mixed wiOi the remainder of tiie tower alkyl ethers of cel- 
lulose and. optionally, Ute quaternary ammonium com- 
pounds. 

When the polypeptides end the quaternary ammonium 
compounds are added to the lower alkyl ethers of cellulose, 
me resultant mixture is mechanically mixed by any conven- 
tional method, followed by sifting. Thus, the desired fn- 
' trenasaDy appltoabie powdery conqx)sitton according to the 
presem invention can be prepared. In this case, the 
tyophiiized polypeptides may be used. Furthermore, when 
018 mixing is earned out in any conventional manner, the 
80*called co-pulverization noetirad can be used so that the 
polypeptides and the quaternary ammonium connpounds 
may be dl^^ersed in the md^nilar level disper^n degree 
in the lower alkyl ethers of cellutose. 

On the other hand, when the lyophinzed mixture of the 
polypsptkfes, the quaternary ammonium compounds, and 
the tower alkyf adhere of ceffubse is mixed with the tower 
alkyi ethere of cfiOutose and, optionally, the quaternary 
ammonium compounds, the polypeptides and the quaternary 
ammonium compounds are suffdently uniformly dispersed in 
the lower alkyl ethers of c^utose and« therefore, the resul- 
tant powdery compdsitton has a more preferably impnoved 
preservabiTtty and chemical stabffity of the polypeptides. 

Tbe above-mentioned lyophiDzed mixture can be ob- 
tained by uniformly d^sdving the polypeptides, tiie quater- 
nary ammonium compounds, and the tower alkyl ethers of 
cellutose In water by appropriately asQusting the pH of the 
aqueous sdution, if necessary. The resultant aqueous sdu- 
tion can be lyophOized in any conventional manner. The 
lyaphBized mixture is then mechanically mixed wHh the • 
hMuer alkyl ethere of cdltdose end, optionally, the quater- 
nally ammonium compounds, followed by siffrtg the resul- 
1am mixture as mentioned above. 

When the tower aOcyl ethers of cellutose and the qua- 
ternary ammonium compounds are Iyophillzed. the tower 
alkyl etiiers of ceflulose are generally lyophliized in an 
amoum of about 0.0i% to 10% by weight, preferably 0.1% 
to 5% by weight of the total amoum of the tower alkyf 
ethers of ceDutose included In the powdery compoisition 
from the viewpoints of Inprovlng the stability of the polypep- 
ttoes. On the oilier hand, the quatemally ammonium com- 
pounds can be Iyophillzed gen^Blly in an amoum of about 
0.01% to 100% by weigm (Lo.> emirely), preferably 0.1% 
to 10% by wd^ht of the total amoum thereof induded in 
the presait powdery composition, provtoed that the total 
amoum thereof Is wiffiin the above-mendoned range. 
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Although there ts no spedfic Matioa fn the partide 
size of the pressnt powdery phanmaceutical composrtpoa 
Vna particie size of the present powdery compoailiQn is 
preferably such that at least about 90% ijy weight of the 
powder parGdss Has an eftecGve particle diameter of about 
10 to 250 tun. When the powder parfides having a partide 
size of less than about 10 um em present In the powdery 
composib'on in an amount oH more than 10% by weight a 
reiatively large amount of the powdery com po s flio n un- 
preterBt)ly reaches the lungs or is unpr^ieraUy scattered out 
of the nasal cavity when the powdery composition is ednvn- 
isteied to the nasal cavfty by for exanple, spraying. In 
addition, ft is drRIcoIt to niaintain the high or desired poly- 
peptEde concentration at the portion cf the nasal muoosa to 
wittch the appCed powdery compositton adheres. CcKitrary 
to this, when the powder partictes having a partide ^tte of 
more than about 250 urn are . present In the powdeiy 
compoeition in an amount of more than 10% by we^ht, flte 
powder partides adhered to the nasal mucosa when applied 
by sprang are Skeiy to be mechanicaliy released from the 
mucosa surface and, therefbre. the local retentimabaity of 
the powder parlides is cTecrBesed. For these reasons, the 
present powdery pharmaceutica] composHrons preferably 
have a panicte «ze di^ribution such that at least about 
90% by we^ht of the powder partides has an effective 
particie size of about 10 to 250 urn. 

The intranasally api^icable powdery composition ac- 
cording to the pcBsent invention may optionaBy contain 
vartous conventional additives for improvng the pfiysfcai 
piup e ib'B a, visual eppearartcev or odbr of the comjiodilon. 
Bcampiee of such additives are lubricants such ss ^c; 
stearic acid and the salts thereof; waxes; binders such as 
starch, dextrin, cydodextrfh, tragancanth gum. gelatin, poly- 
vinylpyrrofidone. and polyvinyl alcohof; fluents such as 
starch, ciyslaffine caUulose, dextrin* cydodextrin, lactose^ 
mannltot, GOrbitol, and anhydrous caksum phosphate; 
coiourmg agents such as copper chlorophyll, ^-cerotene. 
Red #2 (i^ trisodium salt of i-C^-sutto-l-naphthylazoK- 
naphthol-3,6-dtsuHbni6 acid), Blue #2 0^ disodium salt of 
5.5**mifigoiin(fisuifi)nie acid); odor imprmes such as menthol 
and citrue perfumes; anti-o^ddants such as ascorfric ec fei, 
erythrobte acid and the salts and esters thereoli bulk fSera 
such as human serum albmrrin. manrflfl, and sorbitol 
isotonic agents such as socfium chloride and glucose; and 
fiurfiaoants which are physibbgtcally non-toxic. Typical ex- 
ampfes of such surfisctants are sorbitan fatty acfcf esters, 
po^oxyeOiytens sorbitan tetty add esterSr g^cerol fatty add 
esters, suoose fatly add esters, gftcolic add. taurucho&c 
acKi and salts thereof pdyoxyalkylene h^B^ alcohd ethers 
(&g^ polyoxyethylsne and polyoxypropylene l8i^» cetyl, 
and chotCRStryl ethers). Suitable ebsc^i^ibn sSOs also may be 
used Ih lha present invention. 

The Intranasally appUcabie powdery pharmaceuticel 
composflion can be dInecUy fisnnulated into a powcfer prep- 
aration hi a unft dosage farm. Such a powder pceparatton 
may be prefierably induded in a capsule such as a hard 
getefine capsule as a preened dosage form for the nasal 
8{^}Ccalu3rv Tfie unit d(nage of fi>a powder preparation of 
the present onvention ts fveferably about 1 to 100 mg, more 
pr^erabty 5 to 50 mg, although this amount may be widely 
varied depending upon the Mnd of pfiysiblogicafiy acfive 
polypeptides. 

The present powder preparations can be advanta- 
geously appGed to the nasal cavity. For example, a capsule 
fined with me present powder preparation is set in e spray- 
ihg device equipped wiBi a needb. The capsule Is pferced 



wth ti!e needle Jxt provide minute holes on the bottom 
sades^ The po%vder prsparaOon is then sprayed or jetted out 
from the capsule by sending atr ffito the capsule by means 
of, fbr example, a lubber baO. 
5 As sxpl^ned atXTve, aooofding to the present invention, 

tntranasaliy applicable powdery pharmaceutical composi- 
iSofis having an improved preservabffity and chemical stabB- 
ly of the physiologically acSve polypeptides included therein 
are advantsQeoudy provided* 

10 

BCAMPLE 

The present invention will now be descnbed in detaa 
with reference to. but ts by no means limited to. the 
fff follow&9 scamples. 

Bcampfel 

(a] A 10 mg amount of hydioxyp r o p yl cellulose and 0^ 
20 mg Of sabnon catdtomn (4000 MRC unit/mgj were dis- 
solved in 5 ml of distOted water. To the resultant solution, 
to ul of a 0.02 w/V% benzalkonium chloride sotutian was 
added v^iSe stim'ng. The mixture was lyophiGzsd. Thus, the 
unilbrm powdery composifion (I) of salmoncaldtonin and 

25 hydroxypropyl cellulose containing 0.02 wAv% of benzal- 
konium chloride and having a celdlonin activity of 78^ 
MRC unit/img was obtained. 

Thffii, 10 mg of the powdeiy compositfon (1) and 800 
mg of hydroxypropyl cellulose were pfaoed in a monar and 

30 0.16 mg of benzalkonrum chloride was added thereta The 
mixture was tfiorou^^ mixed in the mortar. Tfius, a unifomt 
powdery compo si t io n (11) is obtained having a partK^ size 
. distribution such that 90 w/w% or more of the powder 
parades had a partide size of 25 to 149 um. The powdery 

35 compostjon (ll> thus obtained conta&^ 0.02 w/w% of 
benzaScontum chioiide has a caldtonin activity of about ClS7 
MRCurtit/hig. 

The powdery compositian (11) obtained above was tOled 
fn hani getadn capsules tin an amount of 10 to 50 mg per 
40 each capsule to prepare inlranasally applicsbie phannaoeu- 
tical preparations for humans. 

(b) A 10 mg amount of hydnn^piopyl oeOutose and 0L2 
mg of Sainton caldtonin (4000 MRC unit/hig) were die- 
soived bi 5 ml of (Sstaisd water and 10 ul <tf a 0.05 viMb 

46 benzsthonlum chlbnde solutioru The resultant mixture was 
^r^rhffized to detain a unform powdery composftfon (f) of 
salmon caldtonff) and hydraxyi^Qp)^ cellutose containing 
QJQ5 wAtv% of benzethontum chlonde and having a cal- 
dton&i activity of about 78 MRC unitTmg. 

50 Then, 10 mg of tie powdery oompo^tion 0) and 800 
mg of hydroxypropyl cellulose were iiAued in a mortar and 
0w4 mg of benzsthonlum chloride was added thereta The 
module was thorot^hly nrixed &i the mortar. Thus, a unKorm 
powdeiy coRtpodlion ^1) was obt^ned having a partioto 

55 disfiibution such that 90 vkAw% or more of the powder 
particles had a partide size of 25 to 149 um. The powdery 
compo^tion (il) ttius obt»ned containing OJ05 w/W% of 
benzethoftium chloride has a caldtonin activity of about 
0.96 MRC uniting. 

60 The powdery composition (II) obtained above was filed 

fn hanf gelatin capsjies tn an amount of 10 to 50 mg per 
each capsule to pnspare intranasaBy appQcat^e pharmaceu- 
ft^al preparations for humans. 

85 Example 2 
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Evaluation of Pharamaootogical Stabi% I'n Intranasally Ap- 
fXcsHe Powdeiy Composftion 

The intranasafiy applicable salmon calcttcmfn powdery 
preparations prepared in Example 1(a) and (b) were allowed s 
to stand at a tempemtura of 40'C tor 2 mohth& The 
stabaity of salmon catctonin in the powdery preparations 
was determined as follows: 

The samples after 2 months storage aruf the fresh or 
star^dard samples (le,, the samples taken immediately after w 
the preparation] were dissolved In injection liquid in such a 
manner that the content of the salmon caldtonrn become 
0.083 iig^mf in terms .of the standard sample. Thus, the 
injection liquid samples for a stat)ilrty evaluation of the 
salmon calcitonin were prepared. f 5 

The abave-memfoned irt|ecilon liquid samples were in- 
tramuscuJarty irijected into a thigh portion of SO type male 
rats having a body weight oflBO to 18D g (6 weeks old, 
five rats per one group) in euch a manner that ihe admin- 
istration amount of ^e salmon calcitonin was 0.083 so 
ug/ml/)cg. The whole biood was sampled 1 hour after ad* 
ntinistration and the serum was recovered therefrom after 
the blood sample was allowed to stand at room temperature 
for 0.5 to 1 hour. The calcium concentration rn the serum 
was determined by means of a calcium content detenmlnrng 25 
kit (manufactufed by lATRON) from the decreasing degree 
of the calcium ooncentraflon fn the s&um, the percentage of 
the salmon calcitonin remaining in the injection sample was 
determined. That is. a calibrafion cunre between the calcium 
concentration In the senjm and the administration amount of 30 
the salmon calcitonio .was pravlousfy obtained by using the 
standard sample. The residual percentages of the salmon 
calcftonin in the irijection samplas were detam^ed from the 
calbration curve. 

The results are as shown in Table i. 96 

As Comparativa Examples, ihe following liquid prepara- 
tions (a) and (b) were prepared. 



Preparation of Ccmparatrve Liquid Preparation (a) 

A 40O mg amount of hydroxypropyi oeHuIose was first 
dissofvad in 100 ml of purified water. Then, in s ml of the 
resultant 0.4 vtN% hydroxypropyi cellulose aolulion. 0.326 
mg of salmon calcitonin having a calcitonin actrvfty of 4000 
MRC unit/mg was dissolved and i mg f benzalkonium 
chloride was further dissolved therein. Thus, an intranasally 
applicable salmon calcitonin liquid preparation (a) containing 
0.4 w/v^ of hydroxypropyi cellulose and 0.02 w/v% of 
t}eza]konium chloride was obtained. This liquid preparation - 
(a) contained about 260 MRC unit/ml of salmon calcitonin. 

Preparation of Comparativo Uquid Preparation {b) 

The Intranasally applicable liquid preparation (b) was 
prepared in the same manner as in the case of the liquid 
preparation (a) except that the hydroxypropyi csOutose was 
not used. The resultant liquid preparation contained about 
260 MRC unit/ml of salmon caldtonla 

The residual percentages of the salmon caldtonin tn 
the liquid preparatbns ^a) and (b) were determined in the 
same manner as mentioned above. The results are as 
shown in Table 1* 

As clearly shown in Table i, there was no substantia} 
difference in the salmon calcitonin amount between the 
fresh or standard samples and the samples after being 
aDowed to stand at a temperature of 40*^0 for 2 months. 
Contrary to this^ in the case of the comparative liquid 
preparation samples (a) and <b), the residual salmon cal- 
citonin percentage were only about 50% and about 10%, 
respectively. In addition, in the case of the powdery sam- 
ples <a} and (b), there was no substantia) diffeitence in the 
serum calcium ccncerhrations between the fresh samples 
and the samples after storing at 40*0 for 2 months. Con- 
trary to this, in the case of the comparative samples, the 
serum calcium concentrations were signlTRi^antly mcreased 
when the samples after aRowing to stand at 40^C for 2 
months were administered. 



Tabta 1 Redduaf Percentages of Salmon C^citonin 



45 



RBsidual (%) 

Sample Prepazation 



Fresh or Standard Sanspl^ Aftaer 40'>C x 2 inorrtte 

Powdery SazzDle fa) atxni-t 100 abofot 100 
of Exanple 1 

FOBctezy Seotple (b) about 100 about 100 
of Escatiple 1 

CboiDarative laqtzid about 100 about 50 
(a) 



Qcanparative Liquid about 100 about 10 

Saniple (b) 
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BcamptaS 

(a) A 100 mg amount of rnsu&n (25^ unitftng) end 
0.195 mg of benzalkonium ctiloride were we^hed into a 
nter. and 1200 mg of hydrDxypropyl celluloss «vas than 
added iherettx as a base in the powdery preparatfon. TTiese 
three components were thoroughfy mixed In tiie mixer to 
prepare a uniform powder/ composition having a par^e 
^ZB dlstnlxjtion such that 90 w/w% or more of the powder 
particies had a partida size of 44- to 149 urn. The resultant 
powdery composition had an insulin activit/ of about i^ 
unit/mg. 

(b) A 100 mg amount of lyophffized waler-6o!ut}!e in- 
sufih having an acfi\rity of 25^ unit/img, which was obtained 
by dissofwig msuTm in water, foliowed by lyophSzmg, and 
0^7 mg of benzalkonium chloride were weighed ontD a 
m&ear. and 3600 mg of hydroxypropyl ceOulose was than 
added theretOp as a base in the powdeiy preparafion. "Hiese 
three components were tfmughV tmsd in the nuxer to 
prepare a unrfonn powdery composttiQn having a particte 
size distribuifon such that BO vffw% or more of the powder 
particles had a parade size of 44 to 149 um. The resultant 
powdery compcnftlon had an insulin activity of about 0^ 
unil^rng. 

(c) The powdery compositions (a) and Ct>) containing 
the insulin prepared above were faied in capsules, respec- 
tively. Thus, ntranasaJfy applicabia insuTtn pn^sarations for 
humans were prepared. 

Example 4 

(a) A 2000 mg amount of hydroxypropyl cellulose and 
0^ mg of salmon catertonfn (4000 MBC uniting) were 
worthed tn a mixer, and OA mg of bensalkortium chloride 
was th^ added thersta These three components were 
thoroughfy mixed in Ote mixer to prepare a wiifomi powdery 
composb'on having a partfde oze distnbutuin such that 90 
w/w% or more of the powder particles had a particle size of 
44 to 149 um. The resuftant powdery composSian con- 
tained about 1^ MRCftng of sdmon caldRmiin. 

The resuHsnt powdery composiGon was fined in cap- 
sules in an amount of 10 to SO mg by ustng a capsule mfag 
apparatus. Thus^ NranasalV applicable praparatfons for hu- 
inana were obt^ned. 

(b) A 2000 mg amount of hydroxypropyl ceDutose end 
ar mg of salmon calcitonffi havfng an activity of 4000 
MRC unit^g ware woghsd &i a mixBr» and 0.3 g of 
b^izethonium chloride was then aided thereto. These three 
components were thoroughly mixed in tfie mixer to prep^e 
a uniform powdery conqnsfiion having a particle stzs dfe* 
tribu&m audi thatOO wAv% or more of the powder particles 
had a partide sisa of 44 to 149 um. The resuftant powdery 
compo^ftin contained about 1.4 MRCAng of sabnon cal- 
crEoinru 

The resullant powdery compos ffi on was fOTed in cap- 
»ilesQF\anamountQf lOtoSOmgbyusing a capsule fiSng 
apparatus. Thu% faitranasally appHcatde prepaotfons for hu* 
mans wsra obtained. 

Eianipie S 

A 080 mg amount of hydroocypropyl cellulose was 
woghed In a mortar and 20 mg of vasopressin (70 to 100 
uniting} and 0.1 mg of bazaOcordum chlaride weie added 
thaiatou Afiar (nndng thoroughiy« a uitiftinn powdery coiih 
poBSibn was obtained. The resultant powdery oomposftion 
contasietf about i A to 2.0 uniting of vasopresan. 



Ths powdery composftion was filled in capsules to 
obtaoi intranasaily aj^licabfe preparations for humans. 

&(amp(e 6 

5 

A 990 mg amount of hydrDj^propyl cellulose was 
washed fti a mortar and 1Q mg of luteinizihg hormone- 
relea^g hormone and 0.1 mg of benzalkonium chloride 
were added thereto. After mixing fiioroughly, a uniform 

TO powdery composition having a particfe sSzb distribulion such 
that 90 wAv% or more of the powder partides hed a 
paitide size of 44 to 149 um was obtained. Ths resultant 
powtJery composition confined 10 ugAng of tfte luteiruzsig 
hormone-releasing hormone. 

15 The resultant powdery competition was fined in cap- 

sules. Thus, intranasalfy appCcable preparations for humans 
wwe obtained. 

Example 7 

20 

A 950 mg amount of hydroocypropyl cellulose was 
weighed In a mortar and SO mg of ffiterferons (100,000 
unH/mg), whidi was previously lyophiiized by adding human 
senim albumin, and O.tS mg of benzalkonium chlonde were 

25 added thereto. After nwdng thoroughly, a uniform powdery 
composition having a partide size distnlsution such that 90 
wAAr% or more of the powder partides had a particle size of 
44 to 149 um was Obtained. The resuttant powdery com- 
posftion oontaffied 5000 un&Ang of the biterferons. 

30 The rasultant powdery co m posifion was laied In cap- 
sules. ThuSi intranasaily applicable preparations for humans 
were obtalrtedL 

Examples 

35 

The contamination degree due to nnaoorganlans of 
the intranasaily appScable powdery composaions prepared 
m Example i(a) and (b) and Example 4(a) and (b) was 
evaluated according to a method descrfiied in "The Mioo- 

40 bid Lanrtit Tests of Prepar at ions for Oral Use and Contrast 
Media for Roemgenography" (Yakuhatsu vol 297. 1976). 

Accordng to the test results for the above-menfiOned 
samjdesi in the case of flie bacterfa tEst* even %vhsn the 
water content of the powdery composiBOn samples was 

45 12% or mom, the number of livfing cells waa less than 30 
ceDsTg, detsmdied by most proliable number and E coG, 
Pseudomonas aeruginosa, and coccus were not rfeter^ 
mined. In addObn. in the case of fimgi. the number ctf Tiving 
ceQs was less than 3 ceBs/g <totsmmBi by most probefale 

SO numl)er. 

Contrary to the above^ the tntranasally applicable pow- 
dery composiltons contBbA^ no qualarnary ammonium 
compounds satisfied the concSlibns necessary to be deter- 
miiiBd as stable gainst microorganism ooniarianaiion- How- 

55 ever, they exharited a number of Bving cells of less than 80 
ceQ/js detemiined by most probable number In the case of 
tiie badsrium test and a number of Myg cells of less than 
10 ceBs^ detamuned by most probable number In the case 
of the fungus test, when the water content of tha powdery 

50 composition sarnpte was 12% or more. 

As is dear from the results shown above, tha in- 
tranasaily appRcabla powdery oomposltfons according to the 
present invention were extremely stable against unprafera* 
t>Ie microorgantsm contaminatjotv. 

58 

&arnpl89 
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P) Preparation 

(a) A 300 ms amount of hydroxypropyl cefluiosa and 
163 ug of salmon caldtonin (4000 MRC unft/ing) ware 
weighed in m agate mortar Then, 60 uo of benzalkonium 5 
chloride was added thereta These three components were 
thonxjghly mixed. Thus, a unHbrm powdety composr^ 
havfng a particie size distribution such that 90 w/w% or 
more of the parttdds had a paiticte size of 44 to 149 (zm 
was obtained. io 

The powdery composition thus obtained contained 
about 0.543 ug/ing of salmon catoitontn. The powdery 
composition was filled In capsules In such an amount that 
1.8 mg per 1 kg of rabbit (le., 0.97B MS of salmon 
calcttonih pen Itg of rabblO was fndudad in each capsula rs 
Thus, an intranasally appftoable powdery preparation (a) 
was prepared. 

{b} A 400 mg amourtt of hydroxypropyl ceflulosa was 
dissoJved in 100 ml of purified water. In 5 mi of the 
resultant 0.4 wA^ hydroxypropyl cellulose solution, 163 wg 20 
of salmon calcitonin (4000 MRC unit/mg} was dissolved 
and, furthermore, 500 Ug of benzaOconium chloride was 
dissolved therda Thus, an intranasally applicable liquid 
preparation (b) containing 0.4 wAj% of hydroicypropyl cel- 
hjlosa and 0.0i w/v% of benzalkonium chbrUe was pre- 2S 
pared. This DqwJ preparatlDn contained about 32.6 ugfml of 
salmoncalcrtonfn. 



(ii) Evaluation Test 

The powdery calcitonin preparation (a) and the iquid 
calcitonin preparation (b) obt^ed above were administered 
into the nasal csvify of Japanese white male rabbits, having 
a body weight of 2.5 to 3.5 kg, in an amount of 0.976 
ug/1.6 mg/kg (Le., about 3^ MRC unh/kg) and 0.976 
ug/30 ul/kg (la, about 3.9 MRC unit/kg), respectively. 

The blood samples were taken from the auris vein of 
the rabbits before the administration and 30 minutes, 1, 2, 
4. and 6 hours after the administration. 

The administiation to the nasal cavity was canried out 
under aparalytic conditions (Le.. ordinary conditions) by 
using, in the case erf the powdery preparation, a nebulizer 
modified for animals, or by using, in the case of the liqtifd 
preparation, a 1 ml syringe provided with a chip for a 
microptpette at the tip thereof so as to be able to quantita- 
tively administer viscous ftquid. 

The calcium concentrations In ^e serum before and 
after the administration were determined and the afosor* 
batnlity of the c^itonin through ^e nasal mucosa was 
8tu<Sed The detemiination of the caldum concentrations in 
the serum was carried out tiy using a calcium determination 
kit (manufactured by f ATRON). 

The results are shown in Table 2, in which the descent 
percentages of the calcium oonoentFation in senim from the 
concentrations befiore administration are shown fbr an aver- 
eoa of 8 or 9 rabblta 



Table 2 



Descent (%) of Calcium in Serum 

Sample 

30 minutes 1 hr 2 hr 4 hr S hr 



Powdery Calcitonin 


6.5' 


15.8 14-3 4.7 - 1.6 


Preparation (a) 






Liquid Calcitonin 


7.3 


12.7 12.0 2.0 0.3 


Preparation (b) 







As dear from the resutts shown in Table 2, the absor- 
bdbl% of the powdery caldtDnin preparation (a) according 
10 tha present invention is superior to that of the fiqt^ 
calcitonin preparation (b)> 

Example 10 



Absorbability of Insulin of Intranasally Applicable Powdeiy 
CoR^xisitkHi 



(i) Preparation 

(a) A 100 mg amount of insulin (25^ unR/lrng) and 
0.19S mg of benzalkonium cMorfde were weighed into a 
mter and 1200 mg of hydroxypropyf ceButose was then 
added thereta as a baas in the powdery preparation. These- 
three components ware thoroughly mbced In the mbcer to 



^ prepare a urtform powdery composition having a particle 
stee distribution such that 90 w/w% or more of me powder 
parta'des had a particle size of 44 to 149 jum. The resultant 
pomtety composltlbn had an Insulin activity of about 1 J6 
unftAmg. 

^ The powdery composit'on was fRIed in capsutee to 

obtain an faitranasaOy apF^cat^ insulin preparatioa 

(b) An ^itranasaSy appficable insuiin preparation was 
prepared In the same manner as in (a) mentioned above, 
except that 1200 mg of lactose was used instead of the 

^ hydroxypropyl ceOulosa 

(11) Administration of Insufin 

The intranasally applicabie inaulin preparationd (a) and 
^ (b) obtained above were administered into the nasal cavr^ 
of Japanese whita male rebbtts having a body weight of 3.1 
to 3.7 kg in an amount of 5 unMcg in terms of the insulin 
aeihrity. 
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The tiiood samples were taken from the aurfs vein of 
the rabbits b^ore tfie administration and 30 mihutest it Zt 
4, and 6 hours after the admtnbtratton. The blood aaniple 
thus taken was centrifiigally separated at 2800 r.pjn. for 10 ' 
nvnutes In a centrifugaf separator to recover the serum. Tbe s 
admirvstration of the intranasany ^licable insulin prepara- 
tion viras carried out by usfng a nebulizer mo^ed Ibr 
animals under ordinary conditk}n& The glucose concentra- 
iton fn the serum was detenntned by a method using o- 



tdiAfine (see: Cfinlcal Chemistry. £^ 215. 1962). The 
change of the glucose in the seoim is shown as a blood 
sugar descendShg percentage (%), The vafue shown in 
Table 3 is an average of the data lor 5 rabbits. 



Tables 



San^le 




Blood 


suaar des^ 


cending 


percentace 






30 min 


. ' 1 hr 


2 hr 


4 hr 


hr 


Preparation 


(aj 


14 


34 


37 


16 


4 


Preparation 


(b) 


8 


14 


€ 


0.5 


2 



As is dear from the results shown in Table 3, the 
absortiability of insulm of the preparation (a) accordnig to 
the present invenliQn is extremely superior to that of the 
comparativa preparation (b). 

aa&ns 



1. An tntranasaily appTicable powdery phamiaceutical com- 
positian cairprising a polypepfide having a physidogicaf 
activity, a quaternary ammonRnn compound, and a tower 
aOcyl ether of oellulosa 

2. A powdery (rtiarmaceuScat compo^Son as cfabned ki 
daim 1. wherein the p ol ypeptide haa a molecular weight of 
300 to 300.000. 

3. A powdery phamtaceuticaf compositnn as daimed in 
daim 1, wherein the po^peptide is at least orte memfcer 
sdeded from the group conastiiiQ of peplkto hormones^ 
phy^dogicaiV active pro^'ns^ zytnoprotein^ and^vacdrss. 

4. A powdery pliannaceulical oornposUion as da&nad fai 
dalm 3, wherem the peptide hormones indude catoaonin, 
insid&i httainzBig hormone'ralea^^ hormones^ ttesmopiBS* 

sin, vasopressin^ oxytodht and lntsfiazons» 

5. A powdery phannaoeutical composftton as daimed in 
daim 1. wherein the quaternary ammonium compound is at 
least one member seiectBd from the group consisting of 
benzsikonfum dilorfde. benzethonium ohksride, cetyl 
trimethj^ ammonium bromfidSi and dode<^ dimethyl ammo* 
itium bromxle* 

6* A povKtoiy phamiaceuScai compositfcn as citimad &i 
dtfm wher^ Hie quatemaiy ammonfum compound is 
ttenzaikonium cfitorule or^C^tzethonium <Mond& 

7. A powdery pharmaceutiBal composftJon as daimed in 
daim i, %vherein the lower aiicyl ether of celtuiosa is at least 
one member selected from tiis group consisting of hydrox- 



25 yproyi cdhilosar methyl ceDukise, hydroxyethyl cellutose. 
and hydroacypropyfaneihyl cellulsa 

a. A powdeiy pharmaceutical composition as daimed fn 
daim 7, wherern the lower aOcyf ether of cethilse is hydnix- 
30 ypmpyi cellulose. 

9. A powdery pharmaceutical composition as daimed in 
daim ^t whereni the quatemaiy ammonium compourKi is 
included therein in an amount of about 0.001% to 12% by 
we^ht based on the total w^ht of the composiKoti. 

10. A powdeiy pharmacw&al composifion of daim i, 
wherein flie composfinon is prepsad t)y mixing 0) a 
lyophSized mocture of pdypeptute f^vlng a physioldgicaf 

40 acGvily, a portion or total amoum of the quaternary ammo- 
nium compound, and a portkm of the tower alky) ether of 
ceSulo^ (ir) the remainder of the lower aikyl etfier of 
oeBiriosa, and. optlonalV (ii!) the quaternary ammonium. 

45 11. A powdery pharmaceuQcai com p osit i on as daimed In 
daim 10, wherein the amoum of the component (iQ is 
0.01% to 10% by weight of the total amoum of the lower 
aOo^ etiher of ceBuldea on ttis compoa&taiL 

50 12. A powdery pharmaceufical compo^fon as damed fri 
daim 1, wherein at teast about 90% by weight of the 
powder partides of ttie (^laarmaceutical composition has an 
effisdfwa partide (Samatar of about io to 250 iutl 

55 13. A powdery phamnaceutical preparation at unit dosage 
form for appltoatibn Id the mucosa of the nasal cavity 
comprising the powdery phamnaceutical composifion of 
daftnl. 

60 14b A powdery pharmaceutical preparalton as ddmed in 
datfn 13, wtier^ the ptarmaceulical compc^fidn s in- 
cluded In a capsule. 
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